INTRODUCTION
Increased synthesis and deposition of type I collagen is a bold characteristic of liver fibrosis. Therefore, understanding the molecular mechanisms of type I collagen gene regulation is central to elucidating the pathophysiology of hepatic fibrosis. Ito cells or lipocytes are sinusoidal cells localized within the space of Disse of the liver; these cells express desmin and possess an intrinsic vitamin A autofluorescence (Blomhoff and Wake, 1991) . It has been shown that Ito cells play an important role in the development of liver fibrosis (Mak and Lieber, 1988; Bissell et al., 1990) . Freshly isolated lipocytes from healthy livers do not express type I collagen mRNA (Maher and McGuire, 1990) , but their counterparts obtained from cirrhotic rat livers produce type I collagen and express a 30-fold increase in the corresponding transcripts. Studies both in vivo and in vitro indicate that Ito cells can undergo activation, a process characterized by increased proliferation, fibrogenesis, loss of cellular retinoid and new expression of smooth muscle-specific a-actin (Rockey et al., 1992) . The activation process of Ito cells in culture has been shown to reproduce faithfully virtually all features of activation in vivo (Friedman et al., 1989 TE, was shown to mediate the transcriptional upregulation of the collagen promoter by means of binding nuclear protein complexes independent of nuclear factor-l (NF-1) or AP-2 (Ritzenhalen et al., 1991) . Previous evidence showed that TGF, stimulated transcription of the murine a2(I) collagen promoter through a cis-acting element located 300 bases upstream of the transcription start site (Rossi et al., 1988 (Angel and Karin, 1991) . Moreover, TGF,fmediated transcriptional activation of its own promoter occurred through an AP-1 binding site (Kim et al., 1989) . The transcription element AP-1 was first described as a DNA-binding sequence in the enhancer of the simian virus 40 and the human metallothionein Ila gene (Lee et al., 1987a) . The canonical AP-1 sequence TGAc/GTCA (Angel and Karin, 1991; Smeal et al., 1989; Rauscher et al., 1988) was subsequently found in a number of eukaryotic genes and shown to be activated through the in- teraction with the members of the jun and fos families of transcription factors. AP-1 was shown to transduce signals generated by TPA activation of protein kinase C (PKC) to TPAresponsive gene transcription (Lee et al., 1987b) . PKC can dephosphorylate the DNA-binding domain of c-jun protein, augmenting AP-l activity. Moreover, enhancement of c-jun transactivation potential by mitogen-activated protein-serine/ threonine (MAP) kinases is also a well documented means for regulating c-jun transcriptional activity (Angel and Karin, 1991) . In this paper we provide evidence that enhanced expression of AP-l binding proteins in Ito cells correlates with cell activation, loss of original phenotype (depletion of cellular retinoid) and overexpression of collagen type I. Furthermore, our data suggest that TGF, induces changes in the trans-acting factor(s) which recognize AP-1 motif and simultaneously activates transcription of the human Proacl(I) collagen gene.
EXPERIMENTAL PROCEDURES Isolation and culture of Ito cells
Freshly isolated Ito cells were obtained according to the method of Friedman (Friedman et al., 1989) . Briefly, the livers of 500 g Wistar strain rats were perfused with 0.2 % Pronase for 10 min and then Hanks' balanced salt solution containing 0.03 % collagenase and 0.05 % Pronase at 37°C for 30 min. After removal, the liver was minced in 0.03 % Pronase and incubated in a shaking 37°C water-bath for 30 min. The resultant suspension was filtered through gauze, washed three times in Dulbecco's modified Eagle's medium (DMEM) containing DNAase, and then centrifuged through a discontinuous gradient Nuclear run-off transcription Preparation of nuclei was performed as previously described (Greenberg and Ziff, 1984 Plasmids construction Construction of the plasmid pCOL-KT, and its deletions using several restriction endonucleases, have been described in detail previously (Thompson et al., 1991) . The method of constructing pCOL-KT lacking the AP-1 site has also been previously described (Katai et al., 1992 (Graham and van der Eb, 1973) . Cultured Ito cells were plated in a 60 mm diameter dish in DMEM containing 10 % FCS in a 37°C humidified atmosphere of 95 %-5 % 02-CO2 respectively. The next day, 5 jug of plasmid DNA were transfected into the cultured cells by the calcium phosphate precipitation method followed by a glycerol shock (Parker and Stark, 1979) reactions were incubated at room temperature for I min and terminated by the addition of an equal volume (100 ul) of stop mixture (200 mM NaCl/20 mM EDTA/1 % SDS/1 mg/ml glycogen). After phenol-chloroform-isoamyl alcohol (25:24: 1, by volume) extraction and subsequent precipitation, the DNA was suspended in formamide dye and the fragments were separated in a standard 8 % sequencing gel. Maxam-Gilbert G + A sequencing reactions were electrophoresed in parallel lanes. After electrophoresis, the gels were dried and autoradiographed at -70°C with an intensifying screen.
Mobility shift assays DNA probes used were prepared as described in the section above. Each 10 ,l# reaction contained 4.5 ,ul of 5 x reaction buffer denaturing acrylamide gel in 0.25 x Tris-borate-EDTA at 10 V/cm. The gel was dried and exposed to X-ray film at -70°C overnight. In some experiments, gel retardation assays were performed by preincubating the nuclear extracts with c-fos antiserum, c-jun antiserum or non-immune serum for 30 min at 37 'C. After addition of the probe, the standard gel retardation protocol was performed. (Thompson et al., 1991; Simkevich et al., 1992) . This construct behaves as the endogenous gene and it is expressed in a tissue-specific manner in a variety of mesenchymal cells; CAT RNA initiates at the same site utilized by the chimeric gene as does the endogenous Proaxl(I) gene (Thompson et al., 1991; Simkevich et al., 1992) .
RESULTS

Freshly isolated Ito cells and cells cultivated in vitro have
The FIC displayed typical vitamin A-filled cytoplasm and could be successfully transfected as shown in Figure 2b . Although there was substantial conversion of chloramphenicol into its acetylated form (20.8 %) in these cells transfected with pSV2CAT construct, these cells failed to express pCOL-KT. It is also noteworthy that none of the deletions of the wild-type pCOL-KT, either in the promoter region (EcoRV) 4) were prepared and assayed for CAT activity as described in the Materials and methods section. In lanes 2 and 4 the cells were treated with 10 ng/ml of TGF/? in serum-free medium after transfection.
the same deletion plasmid failed to exert similar stimulatory effect in FIC (Figure 2b ). The effect of TGF/8 on the expression of CAT enzyme in transfected cultured Ito cells is shown numerically in Figure 2c . In these series of experiments the cells were transfected and then the culture medium was replaced with serum-free fresh medium containing TGFf (see Experimental procedures section) and incubated for up to 48 h. An important observation made was that we could detect an increase in the relative CAT activity when TGF, was added to cultured Ito cells transfected with wild-type pCOL-KT. Although this was a modest stimulatory effect, it was substantially potentiated by TGF,l when the SstII deletion of pCOL-KT was used as the transfected plasmid. Since it is known that putative AP-l binding sites can mediate TGF,ftranscriptional effects, and to precisely define the role of the AP-1-like site at + 598 to + 604 (TGATTCA), an AP-l deletion mutant of the wild-type pCOL-KT was tested in LTIC ( Figures  2c and 3) . In Figure 3 we show representative CAT assays from extracts of cultured Ito cells transfected with wild-type M13col-CAT and M 13col (+ 598 to + 604)-CAT. Deletion of the AP-llike motif rendered a decreased expression of the reporter construct in these cells. These data recapitulate faithfully previous observations by Katai et al. (1992) .
Since we did not find a significant difference in the CAT activity in the cells when transfected with the AP-1-deletion plasmid M 13col (+ 598 to + 604)-CAT treated or untreated with TGF,8 (Figures 2c and 3) and rat osteosarcoma cells occurred through an NF-1-like binding site (Rossi et al., 1988) . On the other hand, TGF/J regulates the expression of other genes by modifying nuclear transcription factors that recognize the AP-consensus sequence (Kerr et al., 1990) and it can also autoregulate its own transcriptional activation through an AP-binding site (Kim et al., 1989 ).
More recently, it has been show-n that the PAI-I gene contains two sequences in the promoter region responsive to TGF/?. These two sequences share high homology with AP-1 consensus sequence (Keeton et al., 1991 In order to identify and quantify this nuclear protein(s) which is interacting with the S360 DNA fragment, we performed gel retardation experiments by using synthetic double-stranded oligonucleotides bearing AP-1 and NF-l consensus sequences as competitors. (Dignam et al., 1983) . The protein concentration was determined and adjusted to equal concentration for either cell type as described in Figure   - The gel mobifity shift experiments were carried out as described before. The 5'-end radiolabelled S360 probe was incubated with: lanes 1, 5 and 9, 3 ug of nuclear extracts of the indicated cell type; lanes 2, 6 and 10, competition with a 100-fold molar excess of cold S360; lanes 3 and 4, 7 and 8,11 and 12, competition with 200-fold and 400-fofd molar excess of unlabelled synthetic oligonucleotides containing AP-1 or NF-1 consensus sequences, respectively. It is important to note that we did not detect functional binding-activity in nuclear extracts from freshly isolated Ito cells. Lane 13 depicts the probe alone. 5) , Lc-fos (lanes 6 and 7) and acjun (lanes 8 and 9). Fixed amounts of nuclear protein (2 /tg) were used in lanes 2-9. The preincubation was carried out for 30 min at 37°C and after addition of the probe the standard gel retardation protocol was performed. lane 1 shows the free probe, lane 2 shows the control and lane 3 depicts the competition with AP-1 oligonucleotide, using 200-fold molar excess.
6. This series of experiments showed identical patterns of gel retarded DNA-protein complexes as in Figure 5 , with the exception that we did not find any DNA-binding activity in the nuclear extracts of freshly isolated cells (even when we increased the amount of nuclear proteins). These data are consistent with the previous observations shown in Figure 2b , where we did not find a substantial expression of CAT activity when these cells were transfected with pCOL-KT and its corresponding deletions. Thus, these differences in the expression of AP-1 binding proteins could account, at least in part, for the differential control of Proacl(I) by FIC and LTIC. Furthermore, it appears that TGF,i8
potentiates the AP-l DNA-binding activity, -and thus could be contributing to an enhanced expression of the gene.
Treatment of Ito cells extracts with polyclonal antisera to c-jun (ac-jun) diminishes Its binding to the 8360 DNA fragment It has been shown that different members of the jun andfos gene families are components of the AP-1 transcriptional complex (Kovary and Bravo, 1991; Castellazi et al., 1991; Vogt and Bos, 1990; Abate et al., 1990) . c-Jun can form either jun/jun homodimers or jun/fos heterodimers via the leucine repeat present in both proteins. Homo-and hetero-dimers bind to the same consensus sequence, TGACTCA, yet providing varied gene activation. Since our experiments demonstrated that the most prominent shifted band was competed out by a double-stranded AP-1 oligonucleotide, we addressed the question of whether polyclonal antisera against c-fos and c-jun, could compete for the binding to the target DNA. Figure 7 shows representatives of three different experiments when nuclear extracts from TGF,Btreated Ito cells were preincubated with antiserum to c-jun and to c-fos, and subjected to the standard gel-shift protocol. In order to analyse quantitatively the nature of this protein-DNA interaction, we used a fixed amount of nuclear proteins and then preincubated them with two different concentrations of the corresponding polyclonal antisera and non-immune serum. We found that the preincubation with non-immune serum, somewhat stabilized the protein-DNA complex, increasing the intensity of the shifted band. However, when nuclear proteins were preincubated with ac-fos and ac-jun, we found that mostly the latter polyclonal antiserum was able to reduce the binding for the target S360 DNA. The preincubation with ac-fos also decreased the intensity of the major shifted band, albeit to a lesser extent. These data confirm that the S360-bound nuclear factors are AP-1-like and that the protein-DNA interaction is possibly being mediated mostly through the DNA-binding domain of a jun-like protein.
Antisera ac-jun abolishes the AP-1 footprint on S360
In order to determine whether ac-jun or xc-fos could abolish the delineated footprint, encompassing from + 590 to + 615 in S360, we preincubated the nuclear extracts from control and TGF,i-treated Ito cells with the different antisera; the DNAase I protection assay was essentially performed as described for Figure 4 . The results shown in Figure 8 confirmed and extended our previous observations with gel shift experiments. As shown before in Figure 4 , the region of protection defined by DNAase I cleavage, corresponds to a 25 bp region in both control and TGF/?-treated nuclear extracts. Nonetheless, the footprint was more marked when using the latter ones (compare lanes 6 and 7 with 12 and 13). (Maher and McGuire, 1990 Several studies have suggested that the first intron of the collagen al(I) gene is intricately involved in the transcription of that gene, but the mechanisms responsible for that regulation remain a matter of speculation (Katai et al., 1992; Liska et al., 1990) . Furthermore, the presence of an AP-1 site in the first intron (enhancer-containing DNA sequence) of the Proal(1) collagen gene raises many questions. Katai et al. (1992) have shown, consistent with previous observations (Bornstein and McKay, 1990) , that a 360 nucleotide Sau 3A fragment (S360, spanning from + 492 to + 854) enhanced transcription, and its deletion from pCOL-KT resulted in drastic reduction in CAT expression in different mesenchymal cells. Furthermore, the deletion of an AP-1 consensus motif (from + 598 to + 604) on the parental plasmid also led to decreased transcription of the Proal (I) gene. The AP-1 sequence is a recognition target for the jun family of transacting factors, which include jun B, jun D and c-jun (Angel et al., 1987; Ryder et al., 1988; Hirai et al., 1989) . These three jun proteins are almost identical to their C-terminal regions, which are involved in dimerization and DNA-binding, whereas their N-terminal parts, which are involved in transcriptional activation, diverge. All three form heterodimers with themselves or with c-fos or other members of the fos family. The existence of gene families with identical or very similar DNAbinding specificities is not restricted to the jun orfos families; it is rather frequently observed in several nuclear proteins (Karin, 1990) . Thus, the multitude and cell specificity of the jun and fos factors and their binding affinity sites could allow for the differential regulation of the response to cytokines like TGF,/ in different cells and under different environmental circumstances.
Moreover, the jun family of genes is disparately regulated in different tissues and can regulate either transcriptional activation (Angel et al., 1987) or repression (Takimoto et al., 1989) . In addition, Pertovaara et al. (1989) and Li et al. (1990) activation of collagen type (I) gene expression through the induction of jun proteins. These jun proteins, possibly forming dimers with themselves or with other fos proteins, might be regulating the expression, at least in part, of type I collagen through the binding to the AP-1 binding-site present in the enhancer of the first intron.
The mechanism by which TGF,/ is mediating the increase of AP-1 transcriptional factors in our experimental system is unknown. Experiments are currently being carried out in our laboratory addressing this question. In this regard, it has been shown that 12-0-tetradecanoylphorbol 13-acetate (TPA) can enhance jun/AP-I activity by two different mechanisms. The first step, which occurs immediately after stimulation with TPA, involves a post-translational event that leads to increased activity of pre-existing jun/AP-1 molecules. The second step involves increased synthesis of jun/AP-1, mediated by the interaction of activated jun/AP-1 with the jun promoter, resulting in transcriptional activation (Angel et al., 1988) . Undoubtedly, one of the most important post-translational events involved, is the degree of phosphorylation of the different jun and fos molecules (Kovary and Bravo, 1991) , which would enable these transcriptional regulators to form a specific homo-or hetero-dimer. Thus, the relative proportion of the different jun proteins (c-jun, junB, junD) and fos (c-fos, fosB, Fra-1 and Fra-2) proteins, will be constantly varying under any given set of circumstances; the different jun/fos heterodimers will also be changing, providing the cell with a very fine tuning mechanism for controlling the expression of particular genes.
